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Abstract 
In this study a method for early damage detection is investigated based on the directed excitation and measuring of 
Lamb waves (guided waves). The objective is to make a statement about the practicability of a Lamb wave generator 
(LWG) and about the application relevant parameters (specimen materials and dimensions, wave characteristics, 
excitation, transmission und reflection). Guided waves enable an effective differentiation of structural and defective 
indications as well as a classification of different defect types. For the investigations, a LWG was developed which 
combines the advantages of the single excitation of a piezoelectric actuator and the possibility of a group excitation. 
Algorithms were developed to identify and analyze damage patterns (cracks, wholes, weakening). 
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1. Introduction and Motivation 
The advantage of guided waves is the ability of propagation over great distances. This offers innovative 
possibilities for the investigation of large or difficult to access constructions. The testing method can be 
helpful in a broad variety of applications. It is useable for the characterization of plane or cylindrical, 
thin-walled surfaces of metal or fiber laminated materials. Particularly the investigation of aircraft wings 
and other aerospace components as well as the investigation of pipelines are addressed fields of 
application.  
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The motivation of this research is to determine the position as well as the size and the orientation of a 
damaged area particularly in large-scale (up to 100 m) or difficult to access structures using a non-
destructive testing method. The theoretical principle of the measurement device is based on the 
propagation behavior of acoustic waves. That means a certain frequency-thickness product f*d of two or 
more symmetric Sx and asymmetric Ax Lamb wave modes propagates according to the Rayleigh Lamb 
Equation [1]. The Diagram 1 shows exemplarily the dispersion behavior of an aluminum plate. 
 
 
(a) (b) 
Diag. 1.(a) Phase velocity and (b) group velocity of the first few Lamb modes on an aluminum plate 
2. System Concept 
For the generation of guided waves, narrow-band, mode selective excitation is required. This can be 
accomplished using sinus burst signals. Thus voltage amplitudes  100 V are needed to operate the 
transducers. This allows adequate signal amplitudes in the material with a sufficient signal-noise ratio [2]. 
A multi-channel design of actuators and sensors is required to attain the phase shift, which is the basis for 
guided lamb wave excitation. For the signal excitation and measurement different parameters were 
considered: The frequency range of the base signal (50 kHz to 2.5 MHz), the frequency of the 
surrounding envelope (1 kHz to 150 kHz) and the excitation amplitude (±10 V to ±100 V) can be 
controlled while using a power of up to 300 W per channel. 
 
   
(a) (b) 
Fig. 1. (a) 16 channels excitation and sensing device; (b) Block diagram of the device concept for 4 channels with 4 cards 
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Figure 1a shows the LWG hardware device, developed for the SHM application with guided lamb 
waves. The block diagram is displayed in Figure 1b. The excitation unit is composed of 16 channels, 
divided into 4 channels on 4 boards, and based on 
DDS (direct digital synthesis) signal generators. An 
enveloped sinus signal can be created by the CPU 
and loaded into the DDS generators.  
The synchronization of the base signal and the 
phase shift is controlled by the CPU. Integrated 
power operational amplifiers with a high slew rate 
amplify the signal to operate the piezoelectric 
transducers with an amplitude of up to ±100 V. A 
generated output signal for one channel is shown in 
Figure 2.  
 
Fig. 2. Real output signal with an amplitude of ±75 V, a base 
frequency of 2.38 MHz and an envelope frequency of 122.5 kHz 
3. Experiment 
In laboratory experiments five piezoelectric 
transducers were tested. Selected properties of the 
piezoelectric transducers are shown in Table 1. 
Measurements were carried out at selected frequencies 
and the signals of all piezoelectric transducers were 
compared. The signals of all the different piezoelectric 
transducers were generated with an equal waveform 
signal, which permits the defined generation of Lamb 
waves with the developed devices. Figure 3 shows a 
defined four-channel signal with four piezoelectric 
transducers of type 1 from Table 1.  
 
Fig. 3. Four Channels showing a real output signal with an amplitude 
of ±20 V, a base frequency and an envelope frequency according to 
Fig. 2 and a phase shift of about 150° or 220 ns 
Table 1. A selection of properties for the five piezoelectric transducers used for the basic measurements 
piezoelectric transducers resonance 
frequency (kHz) 
area (mm²) capacitance (nF) 
1 150 15 0,68 
2 360 25 1,4 
3 780 10 0,8 
4 1000 36 6,8 
5 1500 25,5 20 
1188   E. Köppe et al. /  Procedia Engineering  47 ( 2012 )  1185 – 1188 
For pipeline investigation systems are used with a sensing distance up to 50 m in both directions, 
depending on the testing conditions. Currently such systems are used for the periodic inspection of gas 
and oil pipelines. Particularly in burried pipelines the advantages of testing with guided lamb waves 
becomes apparent. For the application on pipelines or cylindrical components special array transducers 
can be used [3]. Figure 4 shows such an array probe, with equally applied piezoelectric transducers 
around its perimeter. Therefor the single transducers must be operated in the way that the required 
excitation pattern is adjusted on the surface of the structure. Adaption to curved components is only 
possible using an aligned probe base. 
 
  
 
(a) (b) 
Fig. 4. (a) Schematic of a pipeline probe holder - in two rows; (b) pipeline probe holder with 8x piezoelectric transducers 
4. Conclusion  
In the scope of a project to enhance the guided wave method for SHM an innovative electronic device 
(LWG) for multi-channel excitation and sensing of guided lamb waves was developed. Multi-channel 
testing is necessary, because not only the time structure of reflected signals must be interpreted, but 
analysis of the wave number spectrum delivers information about the reflected mode composition. 
Additionally the electronic characteristics of the operated actuators/sensors must be taken into account 
and validated. An important result of this study is that there are no significant capacitance and resonance 
frequency influences of the different piezoelectric transducers on the generated lamb wave from the 
LWG. Thus, the LWG is capable to generate exactly defined guided lamb waves, which can be used to 
detect possible damage in structures in subsequent experiments. 
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